DNA-rRNA hybridization and 16s rRNA cataloging have shown that several of the large taxa described in the past as phenotypic entities (e.g., the genus Pseudomonas, spirilla, the genus Alcaligenes, photosynthetic bacteria) are phylogenetically very heterogeneous (12, 21, 27, (37) (38) (39) (40) . As a consequence, these taxa are gradually being split up into several genera, and only the group that includes the original type species can retain the original genus name.
The acidovorans rRNA complex is a large collection of generically misnamed taxa that are closely related to Comamonas acidovorans (32, 33, 35) . This group belongs to rRNA superfamily I11 or the beta subclass of the Proteobacteria (30) . It gradually emerged from the Pseudomonas acidovorans group, one of at least five genotypic groups that were delineated within the genus Pseudomonas by using DNA-rRNA hybridization (12, 26) and were later confirmed by using several other techniques (2, 4, 16, 24, 37) . During the last decade this group was extended considerably. A list of the taxa belonging to this group is given in Table 1 . The classification of several of these species has already been revised (Table 1) . For the sake of clarity, taxa that are misnamed according to present phylogenetic data are listed below in brackets.
The criterion which we used to assign strains to the acidovorans rRNA complex is that their DNAs should have T, (,, values [T,(,) is the temperature, in degrees Celsius, at which one-half of a DNA-rRNA duplex is thermally denatured] of at least 75°C when they are hybridized with labeled rRNA from C. acidovorans Stanier 14T (= LMG 1126T = ATCC 15668T) (T = type strain) or any other strain belonging to the acidovorans rRNA complex. On the basis of the results of extensive DNA-rRNA hybridization, in which 15 labeled rRNA probes were used, the following rRNA branches were delineated ( Fig. 1 (40) .
We propose that the acidovorans rRNA complex should be recognized as a new bacterial family, the Comamonadaceae, in rRNA superfamily I11 (the beta subclass of the Proteobacteria). The organisms belonging to this family are genotypically highly related and phenotypically rather diverse (36) . They include common soil and water inhabitants, H, or CO oxidizers, phytopathogens, nonpathogenic isolates of clinical origin, a psychrophilic isolate, and rods and helical cells which are polarly, lofotrichously, or peritrichously flagellated. Compared with the original P. acidovorans group (Pseudomonas section I11 [25] ), the family Comamonadaceae encompasses a much larger number of taxa and a much larger variety of phenotypes. Many of the characteristics of the original P. acidovorans group (26) (e.g., meta cleavage of protocatechuate, absence of growth at 41"C, absence of denitrification [25] , and typical regulation of aromatic amino acid biosynthesis [4]) have not been studied in all taxa belonging to the Comamonadaceae and therefore cannot be used to define this family phenotypically. Phenotypic comparisons at the family level in this case are complex because the family Comamonadaceae unites a variety of taxa that were in the past assigned to various genera and regarded as unrelated on phenotypic grounds. Table 2 shows several important characteristics of the Comamonadaceae and other phylogenetic groups which phenotypically resemble members of this family. As one climbs the taxonomic hierarchy, phenotypic differentiation be- a Only species whose type strains belong to the Comumonudaceae or unidentified separate groups of bacteria are listed. In addition, individual strains erroneously assigned to Pseudomonas ulcaligenes, Pseudomonas pseudoalcaligenes subsp. pseudoalcaligenes, Bordetella bronchiseptica, and Alcaligenes denitrifcans also belong to various taxa in the Comamonadaceae.
Brackets indicate taxa that are misnamed according to phylogenetic data.
' Group originally named by E. Falsen (Culture Collection, University of Goteborg, Goteborg, Sweden) and delineated by using immunotyping and phenotypic analyses (18) .
comes increasingly difficult because of the variety of phenotypes included in, for example, families and higher groups. At such levels of classification, genotypic features are indispensable for defining and distinguishing taxa. The internal taxonomy of the Comamonadaceae was studied in detail by using several techniques, including DNA-rRNA and DNA-DNA hybridizations, gel electrophoresis of total cell proteins, numerical analysis of morphological, auxanographic, and biochemical characteristics, immunotyping, and fatty acid analysis. On the basis of the data obtained an improved classification has been proposed for several genera, including Comamonas (14, 31, 36) , Xyfophifus (33, Hydrogenophaga (32) , and Acidovorax (33) .
At present several rRNA branches belonging to the acidovorans rRNA complex contain taxa that are still to be renamed on phylogenetic grounds. One is the [Afcafigenes] paradoxus rRNA branch, which is not related to the type species of the genus Alcafigenes, Afcafigenes faecafis ( Fig.  1 ). This rRNA branch contains [Alcaligenes] paradoxus strains having Tm(e) values of at least 79.0"C versus labeled rRNA from [Afcafigenes] paradoxus ATCC 17713tlT. No other strains belonging to the acidovorans rRNA complex belong to this rRNA branch. DNA-DNA hybridizations between [Alcafigenes] paradoxus strains and representative strains belonging to the other rRNA branches of the acidovorans rRNA complex (e.g., members of the genera Hydrogenophaga and Xyfophilus) resulted in no significant degrees of DNA binding (1, 35) . Phenotypically, [Afcafigenes] paradoxus forms a separate entity within the acidovorans rRNA complex (36) . We propose that [Afcafigenes] paradoxus should be transferred to a new genus, Variovorax, as Variovorax paradoxus. A description is given below. The two biotypes that were described previously in this group (6) differed in their ability to grow autotrophically in the presence of H,, but were highly related according to the results of an auxanographic analysis (21) when API 50CH, API 50A0, and API 50AA galleries (API System S.A., Montalieu-Vercieu, France) were used.
The second group containing taxa that should be renamed is the [Pseudomonas] avenae rRNA branch (17) , which includes several phytopathogenic [Pseudomonas] species (see Table 1 ). We have studied these species in detail by using several techniques and will propose an improved classification in a forthcoming paper (17) .
Seven [Aquaspiriffum] species (see Table 1 ) also belong to the Comamonadaceae. They are only distantly related to Aquaspiriffum serpens and should in fact be removed from this genus (28) . They have not yet been given a more appropriate name because of a lack of phenotypic data (28 M.L. n. paradoxus, contrary to expectation, referring to the organotrophic and facultatively chemolithotrophic metabolism of this organism) is the same as that of the genus. From many strains two stable colony types have been isolated. One type is round and convex with smooth margins and surfaces; the other type is round and umbonate with scalloped to smooth margins. Detailed descriptions of the phe-notypic characteristics have been given by Davis et al. (6) and Kersters and De Ley (21) . V . paradoxus strains have been isolated from soil. The type strain is strain ATCC 17713 (= LMG 1797t1 = LMG 1797t2); it was isolated from soil under an atmosphere containing 91% H,, 4% O,, and 5% CO,. The G+C content of strain ATCC 17713T DNA is 67.0 mol%.
Description Chemoorganotrophic or chemolithotrophic at the expense of H, or CO oxidation. Oxidative metabolism, using oxygen as a terminal electron acceptor; some species can also use nitrates. Oxidase positive, except for members of the genus Xylophilus. The optimal growth temperature ranges from 28 to 30°C, except for Xylophilus spp. and [Aquaspirillum] psychrophilum, which grow best at 24 and 18"C, respectively. Yellow insoluble pigments are produced by Xylophilus, Hydrogenophaga, and Variovorax strains. Nitrogen fixation has been described for some Hydrogenophaga strains (20) . Generally, these organisms use only very few carbohydrates, but they use a wide variety of organic acids, including amino acids. The major fatty acids are palmitoleic acid (16:1), palmitic acid (16:0), and cis-vaccenic acid ( A l l -18:l). The mean G+C contents of the DNAs range from 57 to 70 mol%. Strains have been isolated from soil, water in natural and industrial environments, clinical samples, and infected plant material. No pathogenic effects have been reported for the strains isolated from clinical samples (genera Comamonas and Acidovorax). Members of the genus Xylophilus are pathogenic for grapevines, and the strains belonging to the [P.] avenae rRNA branch are pathogenic for various grasses, orchids, or members of the family Cucurbitaceae. The family Comamonadaceae belongs to rRNA superfamily I11 or the beta subclass of the Proteobacteria. Strains belonging to this family have Tm(el values of at least 75°C versus rRNA from C. acidovorans Stanier 14T. All strains group within a AT,,,, range of 5°C. (12, 13, 15 ). Acidovorax Nearest neighbors of the Comanonaduceae. The facultatively photolithotrophic organism Rubrivivax gelatinosus, the H, oxidizers [Pseudomonas] saccharophila and [Alcaligenes] latus, and the sheathed bacteria belonging to the genera Leptothrix and Sphaerotilus have been reported to be closely related or to belong to the acidovorans rRNA complex (12, 21, 34) . We prefer not to include these taxa in the Comamonadaceae for the reasons given below. These taxa have Tm,e) values of 73.4 2 1.4"C [corresponding to AT,,,, values of 7.1 5 1.4"CI versus labeled rRNAs from members of the Comamonadaceae (34) and represent a separate cluster in rRNA superfamily I11 (Fig. 1) . A 16s rRNA catalog analysis (40) showed that R . gelatinosus and Sphaerotilus natans group at S, , values of 0.61 to 0.67 with taxa belonging to the Comamonadaceae. This AT,,,, range and the difference in S, , values with members of the Comamonadaceae are large enough to justify exclusion of these taxa from the family Comamonadaceae. Furthermore, the inclusion of photolithotrophic, sheathed, Mn2+-oxidizing bacteria in this family would result in a very wide and unwieldy definition of the Comamonadaceae.
Comprising the species

